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(54) Multiband mobile unit communication apparatus 



(57) A multiband mobile unit communication appa- 
ratus is disclosed which comprises: antennas for receiv- 
ing plural radio wave SIGs respectively transmitted from 
plural mobile unit communication systems, said plurality 
of radio wave SIGs having different carrier frequencies 
respectively; independent CKTs for generating IF SIGs 
from said radio wave SIGs from said antennas respec- 
tively; and a common CKT including a switch according 
to a mode SIG, a quadrature demodulation CKT for di- 
rectly converting the IF SIG from the switch into I and Q 
baseband SIGs, and a decoding CKT for outputting a 



decoding result from said I and Q baseband SIGs. In 
accordance with the mode SIG, a power is selectively 
supplied to the independent CKTs, a switchable FRO 
divider may be provided to FRQ-dividing a LO SIG for 
the quadrature demodulation CKT, a switchable tuning 
CKT may by provided to the variable gain amplifying 
CKT to provide a switchable tuning FRQ, a switchable 
low-pass filters may be provided to switchably low-pass- 
filtering the I and Q baseband SIGs. The variable gain 
amplifier may be an analog type or a digital type. An an- 
tenna diversity receiving may be provided. 
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Description 



This invention relates to a mobile unit communica- 
tion apparatus for communicating with at least a mobile 
unit system. 

A mobile unit communication apparatus for receiv- 
ing a radio wave signaJ transmitted from a mobile unit 
system is known. Japanese patent application provi- 
sional publication No. 6-1 32849 discloses such a mobile 
unit communication apparatus. In this prior art mobile 
unit communication apparatus, a smaller number of lo- 
cal oscillators are used. To provide transmission and re- 
ception through different frequencies respectively, a lo- 
cal oscillator capable of directly or indirectly oscillating 
a fundamental wave and its multiple wave is used, and 
a local oscillator is used for transmission and reception 
commonly. 

The aim of the present invention is to provide an 
improved mobile unit communication apparatus. 

According to the resent invention, a multiband mo- 
bile unit communication apparatus is provided, which 
comprises: an antenna portion for receiving a plurality 
of radio wave signals respectively transmitted from a 
plurality of mobile unit communication systems, the plu- 
rality of radio wave signals having different carrier fre- 
quencies respectively; a plurality of independent circuits 
for generating a plurality of intermediate frequency sig- 
nals from the plurality of radio wave signals from the an- 
tenna portion respectively; and a common circuit includ- 
ing a receiving portion for receiving one of the plurality 
of intermediate frequency signals in accordance with a 
mode signal, a quadrature demodulation circuit for di- 
rectly converting one of the plurality of intermediate fre- 
quency signals into I and Q baseband signals, and a 
decoding circuit for outputting a decoding result from the 
I and Q baseband signals. 

In the multiband mobile unit communication appa- 
ratus, the receiving portion .may comprise a power sup- 
ply control portion for supplying a power to one of the 
independent circuits in accordance with the mode sig- 
nal. 

in the multiband mobile unit communication appa- 
ratus, the receiving portion may comprise a switch for 
supplying one of the plurality of intermediate frequency 
signals to the receiving portion in accordance with the 
mode signal. 

In the multiband mobile unit communication appa- 
ratus, the common circuit may further comprise a 
switchable frequency dividing circuit for selectively fre- 
quency-dividing the second local oscillation signal in re- 
sponse to the mode signal such that the frequency-di- 
vided signal having frequencies corresponding to fre- 
quencies of the plurality of intermediate frequency sig- 
nals, the frequency-divided signal being supplied to the 
quadrature demodulation circuit. 

In the multiband mobile unit communication appa- 
ratus, the antenna portion may comprise first and sec- 
ond antennas, a switch for selectively supplying outputs 



of the first and second antennas to one of the plurality 
of independent circuits, and the multiband mobile unit 
communication portion may further comprise: a receiv- 
ing level estimating portion for estimating a level of one 
5 of the radio wave signal from the converted I and Q 
baseband signals and an antenna switching control por- 
tion for controlling the switch in accordance with the lev- 
el to provide a antenna diversity receiving. 

In the multiband mobile unit communication appa- 

10 ratus, each of the plurality of independent circuits may 
comprise: a first bandpass filter for bandpass-filtering 
each of the plurality of radio wave signals from the an- 
tenna portion; an amplifier for amplifying an output of 
the first bandpass filter; a filter portion for filtering an out- 

15 put of the amplifier; a mixer for mixing an output of the 
filtering portion with a first local oscillation signal to gen- 
erate an intermediate frequency signal; a second band- 
pass filter for bandpass-filtering the intermediate fre- 
quency signal and the common circuit may further com- 

20 prise: a variable gain amplifying portion for amplifying 
one of the plurality of intermediate frequency signal with 
a gain thereof controlled in accordance with a gain con- 
trol signal and supplying the amplified intermediate fre- 
quency signal to the quadrature demodulation circuit; a 

25 first a/d converter for a/d converting the I baseband sig- 
nal and supplying the converted I baseband signal to 
the decoding circuit; a second a/d converter for a/d con- 
verting the Q baseband signal and supplying the con- 
verted Q baseband signal to the decoding circuit; a level 

30 detection portion for detecting levels of the converted I 
and Q baseband signals; a gain control signal genera- 
tion portion for generating the gain control signal in ac- 
cordance with the detected level; a mode signal gener- 
ation portion for generating the mode signal; a first local 

35 oscillation signal generator for generating the first local 
oscillation signal; and a second local oscillation signal 
generator for generating the second local oscillation sig- 
nal. 

In this case, the filtering portion may comprise a 
^0 bandpass filter. 

Moreover, in this case, the filtering portion may 
comprise a high -pass type of matching circuit. 

Moreover, in this case, the mode signal generator 
generates the mode signal in accordance with an oper- 
^5 ational condition and a communication condition of the 
multiband mobile unit communication apparatus. 

Moreover, in this case, the variable gain amplifying 
portion may comprise an analog gain control signal input 
and the gain control signal generation portion may fur- 
50 the r comprise a d/a converter and the gain control signal 
generation portion generates data from the detected 
level and the d/a-converts the data to supply the gain 
control signal to the analog gain control signal input. 

Moreover, in this case, the variable gain control por- 
55 tion may comprise a digital gain control signal input and 
the gain control signal generation portion generates the 
gain control signal of digital data from the detected level 
and supplies the gain control signal to the digital gain 
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control signal input. 

Moreover, in this case, the variable gain amplifying 
portion may comprise a plurality of amplifiers in series, 
a switchable tuning circuit having a plurality of tuning 
circuits having tuning frequencies corresponding to the s 
plurality of intermediate frequencies respectively, and a 
switching portion for selecting one of the plurality of tun- 
ing circuits in accordance with the mode signal. 

Moreover, in this case, the common circuit may fur- 
ther comprise a first swftchable low-pass filter for low- 10 
pass-filtering the I baseband signal with a first cutoff fre- 
quency controlled in accordance with the mode signal 
such that the first cutoff corresponds to a transmission 
rate of the I baseband signal and a second switchable 
low-pass filter for low-pass-filtering the Q baseband sig- is 
nal with a second cutoff frequency controlled in accord- 
ance with the mode signal such that the second cutoff 
corresponds to a transmission rate of the Q baseband 
signal. 

Moreover, in this case, the common circuit may fur- 20 
ther comprise a high eolation amplifier for amplifying an 
output of the switch with a relatively high isolation char- 
acteristic. 

The object and features of the present invention will 
become more readily apparent from the following de- 2S 
tailed description taken in conjunction with the accom- 
panying drawings in which: 

Fig. 1 is a block diagram of a multfcand mobile unit 
communication apparatus of a first embodiment; 30 
Fig. 2 is a block diagram of a multiband mobile unit 
communication apparatus of a second embodi- 
ment; 

Fig. 3 is a block diagram of a multtoand mobile unit 
communication apparatus of a third embodiment; 35 
Fig. 4 is a block diagram of a multiband mobile unit 
communication apparatus of a fourth embodiment; 
Fig. 5 is a schematic. circuit diagram of the fourth 
embodiment showing the switchable tuning circuit 
and the variable gain amplifier in Fig. 4; 40 
Fig. 6 is a block diagram of a multiband mobile unit 
communication apparatus of a fifth embodiment; 
Fig. 7 is a block diagram of a multiband mobile unit 
communication apparatus of a sixth embodiment; 
Fig. 8A is a block diagram of a multiband mobile un it 45 
communication apparatus of a seventh embodi- 
ment; 

Fig. 8B is a block diagram of the seventh embodi- 
ment showing the high-pass type of matching cir- 
cuits 111 and 112; so 
Fig. 8C is a graphical drawing of the seventh em- 
bodiment; 

Fig. 9 is a block diagram of a multiband mobile unit 
communication apparatus of an eighth embodi- 
ment; and ss 
Fig. 1 0 is a block diagram of a multiband mobile unit 
communication apparatus of a ninth embodiment 



The same or corresponding elements or parts 
designated with like references throughout the dra 

ings. 

<FIRST EMBODIMENT 

Fig. 1 is a block diagram of a multiband mobile unit 
communication apparatus of a first embodiment. 

The multiband mobile unit communication appara- 
tus of the first embodiment comprises an antenna por- 
tion 1 00 for receiving first and second radio wave signals 
transmitted from first and second mobile unit communi- 
cation systems, said first and second radio wave signals 
having first and second carrier frequencies respectively, 
first and second receiving circuits (independent circuits) 
101a and 101b, as independent circuits, for generating 
first and second intermediate frequency signals from 
said first and second radio wave signals from the anten- 
na portion 100 in first and second modes, respectively; 
and a common circuit 1 02 for directly converting the first 
intermediate frequency signal 29 into first I and Q base- 
band signals in said first mode and directly converting 
said second intermediate frequency signal 30 into sec- 
ond I and Q baseband signals in said second mode, for 
decoding from the I and Q baseband signals in the first 
and second modes, and for generating the mode signal. 
The common circuit 102 has an input 106 for receiving 
either of the first or second intermediate frequency sig- 
nal from the bandpass filter 11 or 12. 

The antenna portion 100 comprises first and sec- 
ond antenna 100a and 100b for receiving first and sec- 
ond radio wave signals respectively. The antenna may 
comprise a single antenna for receiving first and second 
radio wave signals and a separator (not shown) for sep- 
arating the first and second radio wave signals and dis- 
tributing the received first and second radio wave sig- 
nals to the bandpass filters 3 and 4 respectively. 

The first and second receiving circuits 101a and 
101b are independently used for receiving the first and 
second radio wave signals transmitted from first and 
second mobile unit communication systems. On the oth- 
er hand, the common circuit 102 is commonly used for 
processing the first and second radio wave signals. 

The first receiving circuit 101a comprises a band- 
pass filter 3 for bandpass-filtering the first radio wave 
signal from the antenna 100a to suppress unnecessary 
components, an amplifier 5 for amplifying an output of 
the bandpass filter 3, a bandpass filter 7 for bandpass- 
filtering an output of the amplifier 5 to suppress unnec- 
essary components, a mixer 9 for mixing an output of 
the bandpass filter 7 with a first oscillation signal 103 to 
generate a first intermediate frequency signal 29, a 
bandpass filter 11 for bandpass-filtering the first inter- 
mediate frequency signal 29. 

Similarly, the second receiving circuit 101b compris- 
es a bandpass filter 4 for bandpass-filtering the second 
radio wave signal from the antenna 100b to suppress 
unnecessary components, an amplifier 6 for amplifying 
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an output of the bandpass filter 4, a bandpass filter 8 for 
bandpass-filtering an output of the amplifier 6 to sup- 
press unnecessary components, a mixer 10 for mixing 
an output of the bandpass filter 8 with a second oscilla- 
tion signal 104 to generate a second intermediate fre- 
quency signal 30, a bandpass filter 1 2 for bandpass-fil- 
tering the second intermediate frequency signal. 

A local oscillation circuit 13 generates first and sec- 
ond local oscillation signals. 

The common 102 comprises a variable gain ampli- 
fier 14 for respectively amplifying the first and second 
intermediate frequency signals 29 and 30 in first and 
second modes with gains controlled, a quadrature de- 
modulation circuit 15 for directly converting an output 
signal from the variable gain amplifier 14 into I and Q 
baseband signals into I and Q baseband signals 33 and 
34 using a third local oscillation signal 105, an a/d con- 
verter 17 for converting the I baseband signal 33 into a 
digital I baseband signal, an a/d converter 18 for con- 
verting the Q baseband signal 33 into a digital Q base- 
band signal, a decoding circuit 1 9 for 'decoding the dig- 
ital I and Q baseband signals to output a decoding result, 
a receiving level detection circuit 20 for detecting levels 
of the digital I and Q baseband signals, a variable gain 
amplifier control circuit 21 for generating gain control da- 
ta in accordance with the detected levels from the re- 
ceiving level detection circuit 20, a d/a converter 22 for 
converting the gain control data to generate a gain con- 
trol signal 31 . The gain of the variable gain amplifier 14 
is controlled in accordance with the gain control signal 
31 , 

The quadrature demodulation circuit 15 comprises 
a phase shifter 15a for phase-shifting the third local os- 
cillation signal by 1/2 75 and mixers 1 5b and 1 5c for mix- 
ing the output of the variable gain amplifier 14 with the 
third local oscillation signal and 1/2 tc -phase shifted lo- 
cal, oscillation signal. 

The common circuit 102 of the multiband mobile 
unit communication apparatus further comprises a re- 
ceiving mode switching signal generation circuit 35 for 
generating a receiving mode switching signal 36 and a 
supply power control circuit 32 for supplying a supply 
power to the amplifier 5 and the mixer 9 in the first mode 
and the supply power to the amplifier 6 and the mixer 
1 0 in the second mode. 

An operation of the multiband mobile unit commu- 
nication apparatus of the first embodiment will be de- 
scribed. 

The antenna portion 100 receives first and second 
radio wave signals having different frequency bands 
transmitted from different mobile unit base stations. 

In this multiband mobile unit communication appa- 
ratus, the radio wave frequency band is selected in ac- 
cordance with the receiving mode switching signal 36. 
In response to this receiving mode switching signal 36, 
the power supply control circuit 32 supplies the power 
to the receiving circuit selected and stops supplying the 
power to the receiving circuit not selected. 



The bandpass filter 3 suppresses unnecessary 
components other than the first radio wave signal in the 
received radio signal components from the antenna por- 
tion 100. The amplifier 5 amplifies the output of the 
5 bandpass filter 3. The bandpass filter 7 suppresses un- 
necessary components other than the first radio wave 
signal in the output of the amplifier 5, particularly sup- 
presses an image frequency with respect to the local 
oscillation signal 103 and the first radio wave signal in- 
to putted into the amplifier 5. The mixer 9 mixes the output 
of the bandpass filter 7 with the first oscillation signal to 
generate the first intermediate frequency signal 29. The 
local oscillation signal generation circuit 13 generates 
the first and second local oscillation signals. 
15 The bandpass filter 11 performs bandpass-filtering 
to suppress unnecessary components generated by the 
mixing in the mixer 9 to selectively output the first inter- 
mediate frequency signal. 

The variable gain amplifier 14 amplifies the first in- 
20 termediate frequency signal 29jn the first mode with its 
gain controlled in accordance with the gain control sig- 
nal 31. The quadrature demodulation circuit 15 directly 
converts the output signal from the variable gain ampli- 
fier 14 into I and Q baseband signals 33 and 34 using 
25 the third local oscillation signal 105. 

The local oscillator 16 supplies the third local oscil- 
lation signal 1 05 having a local oscillation frequency de- 
termined by the intermediate frequencies of the first and 
second intermediate frequency signals 29 and 30. 
30 The a/d converters 17 and 18 convert the I base- 
band signal 33 and Q baseband signal 34 into the digital 
I baseband signal and the digital Q baseband signal. 

. The decoding circuit 1 9 decodes the digital I and Q 
baseband signals to output the decoding result. The re- 
35 ceiving level detection circuit 20 detects levels of the dig- 
ital I and Q baseband signals. The variable gain ampli- 
fier control circuit 21 generates the gain control data in 
accordance with the detected levels from the receiving 
level detection circuit 20. The d/a converter 22 converts 
*o the gain control data into the gain control signal 31 . The 
gain of the variable gain amplifier 14 is controlled in ac- 
cordance with the gain control signal 31 . 

The receiving mode switching signal generation cir- 
cuit 35 generates the receiving mode switching signal 
45 36 in accordance with the condition of the mobile unit 
communication apparatus, that is, an operation to an op- 
eration panel (not shown) and a call from either of the 
first and second mobile unit communication systems. 
The supply power control circuit 32 supplies the power 
so to the amplifier 5 and the mixer 9 in the first mode and 
to the amplifier 6 and the mixer 10 in the second mode 
to selectively supplying the first or the second interme- 
diate frequency signal to the variable gain amplifier, to 
save a power consumption, to suppress noises and to 
ss selectively supply the intermediate frequency signal to 
the variable gain amplifier 14. 

In the second mode, the receiving circuit 101b re- 
ceives the second radio wave signal and supplies the 
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second intermediate frequency signal to the variable 
gain amplifier 14. During this, the power is supplied to 
the amplifier 6 and the mixer 1 0, and the common circuit 
1 02 outputs the decode result by the decoding circuit 1 9 
from the second radio wave signal as similar to the first 
mode. 

The variable gain amplifier 1 4 respectively amplifies 
the first and second intermediate frequency signals 29 
and 30 via an analog input 114 in the first and second 
modes with gains controlled in accordance with the gain 
control signal 31 from the variable gain control circuit 21 
via the d/a converter 22. The quadrature demodulation 
circu it 1 5 directly converts the output signal from the var- 
iable gain amplifier 14 into I and Q baseband signals 33 
and 34 using the third local oscillation signal 105. The 
a/d converter 17 converts the I baseband signal 33 into 
a digital I baseband signal. The a/d converter 18 con- 
verts the Q baseband signal 33 into a digital Q baseband 
signal. The decoding circuit 1 9 decodes the digital I and 
Q baseband signals to output the decoding result 
- - -Therecervihg"^ 
levels of the digital I and Q baseband signals. The var- 
iable gain amplifier control circuit 21 generates gain con- 
trol data in accordance with the detected levels from the 
receiving level detection circuit 20. The d/a converter 22 
converts the gain control data to supply the gain control 
signal 31 to the variable gain amplifier 1 4, so that the 
gain of the variable gain amplifier 14 is controlled in ac- 
cordance with the gain control signal 31 , that is, the de- 
tected receiving level. 

In the quadrature demodulation circuit 15, the 
phase shifter phase-shifts the third local oscillation sig- 
nal by 1/2 tc and mixers 15b and 15c mixes the output 
of the variable gain amplifier 14 with the third local os- 
cillation signal and 1/2 n -phase shifted local oscillation 
signal. 

The receiving mode switching signal generation cir- 
cuit 35 generates the rece.iving mode switching signal 
36 in accordance with an operation to an operation pan- 
el (not shown) or a call from either of the mobile unit 
communication base stations. The supply power control 
circuit 32 supplies the power to the amplifier 5 and the 
mixer 9 in the first mode and the supply power to the 
amplifier 6 and the mixer 10 in the second mode. 

As mentioned, the receiving circuits from the input 
band pass filter 3 or 4 to the bandpass filter 9 or 10 for 
intermediate frequency signal are independently provid- 
ed for each frequency band. On the other hand, the com- 
mon circuit 102 is commonly used between both fre- 
quency bands. 

<SECONID EMBODIMENT^ 

Fig. 2 is a block diagram of a multiband mobile unit 
communication apparatus of a second embodiment. 
The multiband mobile unit communication apparatus of 
the second embodiment has substantially the same 
structure as that of the first embodiment. The difference 



is that a switch 23 is further provided. 

The switch 23 supplies the intermediate frequer 
signal from the bandpass filter 11 in the first mode am 
the bandpass filter 1 2 in the second mode in accordance 

5 with the receiving mode switching signal 36. Addition of 
the switch 23 removes an affection by the receiving cir- 
cuit not selected to the selected receiving circuit, so that 
matching circuits included in the bandpass filters u and 
1 2 and the variable gain amplifier 1 4 can be readily de- 

10 signed. Therefore, the receiving characteristic is stable. 

<THIRD EMBODIMENT 

Fig. 3 is a block diagram of a multiband mobile unit 
*5 communication apparatus of a third embodiment. The 
receiver of the third embodiment has substantially the 
same structure as that of the second embodiment The 
difference is that a switchable frequency divider 24 is 
further provided. 
20 T 00 ® wi ** a * ) J G frequency divider 24 changes its 
frequ^r^dividingTatio in accordance wrththe receiving 
mode switchable signal 36. That is, the switchable fre- 
quency divider frequency-divides the local oscillation 
signal 1 05 from the local oscillator 1 6 in accordance with 
25 the receiving mode switching signal 36 to generate an- 
other local oscillation signal 105* of which frequency is 
changed between the first and second modes in accord- 
ance with the frequencies of the first and second inter- 
mediate frequency signals 29 and 30. 

30 

<FOURTH EMBODIMENT 

Fig. 4 is a block diagram of a multiband mobile unit 
communication apparatus of a fourth embodiment. The 

55 multiband mobile unit communication apparatus of the 
fourth embodiment has substantially the same structure 
as that of the third embodiment. The difference is that a 
switchable tuning circuit 25 is further provided. Fig. 5 is 
a schematic circuit diagram of the fourth embodiment 
showing the switchable tuning circuit 25 and the variable 
gain amplifier 14 in Fig. 4. 

The switchable tuning circuit 25 comprises first and 
second tuning circuits 25a and 25b, and switches SW1 
and SW2 connecting the first tuning circuit 25a to the 

45 variable gain amplifying circuit 1 4 in the first mode and 
connecting the second tuning circuit 25b to the variable 
gain amplifying circuit 14 in the second mode in re- 
sponse to the receiving mode switching signal via a re- 
ceiving mode switching signal input 25c. The variable 

50 gain amplifying circuit 14 comprises a balanced circuit 
including amplifiers 1 4a to 14c connected in series, 
each amplifying input(s) with its gain controlled in ac- 
cordance with the gain control signal 31 . Balance out- 
puts of the amplifier 14a are coupled through either of 

55 the first or the second tuning circuit 25a or 25b in ac- 
cordance with the receiving mode switching signal, so 
that at the output of the variable gain amplifying circuit 
14, components other than the intermediate frequency 
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10 



of either of the first or the second intermediate frequency 
signal 29 or 30 are suppressed. 

The first tuning circuit 25a comprises a capacitor C1 
and a coil L1 connected in parallel to the capacitor C1 . 
Similarly, the second tuning circuit 25b comprises a ca- s 
pacitor C2 and a coil L2 connected in parallel to the ca- 
pacitor C2. In this embodiment, there are three stages 
of amplifiers 14a to 14c in the variable gain amplifying 
circuit 14andtheswitchabie tuning circuit 25 is connect- 
ed to the balance outputs of the amplifier 1 4a. However, io 
it is also possible to provide more than three stages of 
the amplifiers in the variable gain amplifying circuit 14 
and the tuning circuit 25 is coupled to balance outputs 
of one of amplifiers other than the amplifier 14a. 

is 

<FIFTH EMBODIMENT 



Fig. 6 is a block diagram of a multiband mobile unit 
communication apparatus of a fifth embodiment. The 
multiband mobile unit communication apparatus of the 
fifth embodiment Has substantially the same structure 
as that of the fourth embodiment. The difference is that 
a switchable low-pass filters 26 and 27 are further pro- 
vided between the mixer 15b in the quadrature demod- 
ulation circuit 1 5 and the a/d converter 1 7 and between 
the mixer 15c and the a/d converter 18. 

The switchable low-pass filters 26 and 27 remove 
unnecessary high frequency components with cutoff fre- 
quencies switched in accordance with transmission 
rates in the first and second modes in response to the 
receiving mode switching signal 36. Moreover, noise 
components into the a/d converters 17 and 18 are re- 
duced, so that dynamic ranges of the a/d converters 17 
and 18 are relatively expanded. Moreover, because the 
cutoff frequency can be changed more precisely, a mar- 
gin in the cutoff frequency can be reduced compared 
with the margin which was commonly determined for 
both of the first and second modes, so that the switch- 
able low-pass filters 26 and 27 can perform interference 
suppression from the adjacent frequency which was sin- 
gly provided by the bandpass filters 11 and 12. 

<SIXTH EMBODIMENT 



Fig. 7 is a block diagram of a multiband mobile unit 4S 
communication apparatus of a sixth embodiment. The 
multiband mobile unit communication apparatus of the 
sixth embodiment has substantially the same structure 
as that of the fifth embodiment. The difference is that a 
variable gain amplifier 1 4', having a digital input 21 4, for so 
amplifying the output of the switch 23 with its gain dig- 
itally controlled. That is, the gain of the variable gain am- 
plifier 14' is controlled in accordance with the gain con- 
trol data 131 directly supplied from the variable gain con- 
trol circuit 21. The variable gain amplifier includes a ss 
switch (not shown) for switching gain determining ele- 
ments such as feedback resistors (not shown) to change 
the gain in accordance with the gain control data. 
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<SEVENTH EMBODIMENT 

Fig. 8A is a block diagram of a multiband mobile unit 
communication apparatus of a seventh embodiment. 
The receiver of the seventh embodiment has substan- 
tially the same structure as that of the sixth embodiment. 
The difference is that high-pass type of matching circuits 
111 and 112 replaces the bandpass filters 7 and 8. 

Fig. 8B is a block diagram of the seventh embodi- 
ment showing the high-pass type of matching circuits 
1 1 1 and 1 1 2. The high-pass type of matching circuit 1 1 1 
or 112 comprises a capacitor 3 connected between the 
output of the amplifier 5 or 6 and the mixer 9 or 10 and 
a capacitor L3 connected between the coupling point 
between the capacitor C3 and the ground. 

Fig. 8C is a graphical drawing of the seventh em- 
bodiment. The high-pass type of matching circuits 111 
and 1 1 2 have a frequency characteristic 201 . Therefore, 
the image frequency flM with respect to the frequency 
ffl 9j ''Jtej^wed radio wave frequency and the local 
oscillation frequency Co is k\^prw^~^efetvMi'2Q2 
shows a frequency characteristic of the bandpass filters 
7 and 8 for reference. Moreover, the amplifiers 5 and 6 
and the mixers 9 and 10 are structured using GaAs el- 
ements having narrow band characteristics, so that the 
component of the image frequency is further sup- 
pressed. 

<EIGHTH EMBODIMENT 

Fig. 9 is a block diagram of a multiband mobile unit 
communication apparatus of an eighth embodiment. 
The multiband mobile unit communication apparatus of 
the eighth embodiment has substantially the same 
structure as that of the seventh embodiment. The differ- 
ence is that an isolation amplifier 28 is further provided 
between the switch 23 and the variable gain amplifier 
14'. 

Receiving circuits used in the multiband mobile unit 
communication systems may receive a strong electro- 
magnetic field in accordance with a location of the multi- 
band mobile unit communication apparatus. In the multi- 
band mobile unit communication apparatus according 
to this invention, the receiving levels are detected and 
the level of input signal to the a/d converter 17 and 18 
are adjusted to be constant by the variable gain amplifier 
14 or 14'. However, if the receiving level exceeds the 
controllable dynamic range, the circuits after the varia- 
ble gain amplifier 14 or 14* may be saturates, so that 
impedances of the circuits may change. 

Particularly, if an input impedance of the variable 
gain amplifier 14 or 14' changes, loads of the bandpass 
filters 11 and 12 change, so that characteristics of the 
bandpass filters 1 1 and 1 2 vary and a receiving charac- 
teristic may be deteriorated. 

In order to reduce this affection, the isolation ampli- 
fier 28 having a high isolation characteristic is provided 
between the switch 23 and the variable gain amplifier 
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14. Then, though the input impedance of the variable 
gain amplifier 14 changes, the variation in the loads of 
the bandpass fitters 11 and 1 2 can be prevented, so that 
if the muttiband mobile unit communication apparatus is 
exposed to a strong electromagnetic field, the variation 
in the loads of the bandpass filters 11 and 12 do not oc- 
cur. 

<NINTH EMBODIMENT* 

Fig. 1 0 is a block diagram of a muttiband mobile unit 
communication Apparatus of a ninth embodiment. The 
multiband mobile unit communication apparatus of the 
ninth embodiment has substantially the same structure 
as that of the eighth embodiment. The difference is that 
an antenna 1 00c, a switch 38 for outputting either of an 
output of the antenna 100b or an output of the antenna 
1 00c t an antenna switching control circuit 3g for control- 
ling the switch 38 are further provided. 

The muttiband mobile unit communication appara- 
tus ofthe ninth jejTibodiment is capable of.a diversity re- 
ceiving by effecting switching between the antennas 
1 00b and 1 00c. The antenna switching control circuit 39 
generates an antenna switching signal 40 in accordance 
with the receiving levels detected by the receiving level 
detection circuit 20. That is, for example, if the receiving 
levels is insufficient, i.e. ( less than a reference level, the 
antenna switch control circuit 39 generates the antenna 
switching signal 40. In response to this, the switch 38 
changes the antenna used, so that an antenna diversity 
receiving structure is provided. As the resutt, a favorable 
receiving characteristic is provided even in a phasing 
condition. The switch 38 may be provided between the 
antenna 100a and the bandpass filter 3 or may be pro- 
vided to both receiving circuits. 
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Claims 



1. 



A multiband mobile unit communication apparatus 40 
comprising: 

antenna means for receiving a plurality ot radio 
wave signals respectively transmitted from a 
plurality of mobile unit communication systems, 
said plurality of radio wave signals having dif- 
ferent carrier frequencies respectively; 
a plurality of independent circuits (101a, 101b) 
for generating a plurality of intermediate fre- 
quency signals from said plurality of radio wave 
signals from said antenna means respectively; 
and 

a common circuit (102) including receiving 
means (32, 106) for receiving one of said plu- 
rality of intermediate frequency signals in ac- 
cordance with a mode signal, a quadrature de- 5. 
modulation circuit (15) for directly converting 
one of said plurality of intermediate frequency 



45 



so 



ss 



signals into I and Q baseband signals, anc 
decoding circuit (1 9) for outputting a decodin 
result from said I and.Q baseband signals. % 

!. A multiband mobile unit communication apparatus 
as claimed in claim 1 , wherein each of said plurality 
of independent circuits comprises; 

a first bandpass filter (3, 4) for bandpass-filter- 
ing each of said plurality of radio wave signals 
from said antenna means; 
an amplifier (5, 6) for amplifying an output of 
said first bandpass filter; 
tittering means (7, 8) for tittering an output of 
said amplifier; 

a mixer (9, 10) for mixing an output of said fil- 
tering means with a first local oscillation signal 
to generate an intermediate frequency signal; 
a second bandpass fitter (1 1 , 1 2) for bandpass- 
filtering said intermediate frequency signal and 
said common circuit further comprises: -~ 
variable gain amplifying means (14, 1 4*) for am- 
plifying said one of plurality of intermediate fre- 
quency signal with a gain thereof controlled in 
accordance with a gain control signal and sup- 
plying the amplified intermediate frequency sig- 
nal to said quadrature demodulation circuit, 
a first a/d converter (17) for a/d converting said 
I baseband signal and supplying the converted 
I baseband signal to said decoding circuit; 
a second a/d converter (1 8) for a/d converting 
said Q baseband signal and supplying the con- 
verted Q baseband signal to said decoding cir- 
cuit; 

level detection means (20) for detecting levels 
of the converted l and Q baseband signals; 
gain control signal generation means (21) for 
generating said gain control signal in accord- 
ance with said detected level; 
a mode signal generation means (35) for gen- 
erating said mode signal; 
a first local oscillation signal generator (13) for 
generating said first local oscillation signal; and 
a second local oscillation signal generator (16) 
for generating said second local oscillation sig- 
nal. 

A multiband mobile unit communication apparatus 
as claimed in claim 2. wherein said filtering means 
comprises a bandpass fitter. 

A muttiband mobile unit communication apparatus 
as claimed in claim 2, wherein said filtering means 
comprises a high-pass type of matching circuit. 

A multiband mobile unit communication apparatus 
as claimed in claim 1 , wherein said receiving means 
comprises a power supply control means for sup- 
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plying a power to one of said independent circuits 
in accordance with said mode signal. 

6. A multiband mobile unit communication apparatus 

as claimed in claim 2, wherein said mode signal s 
generator generates said mode signal in accord- 
ance with an operational condition and a communi- 
cation condition of said multiband mobile unit com- 
munication apparatus. 

10 

7. A multiband mobile unit communication apparatus 
as claimed in claim 2, wherein said variable gain 
amplifying means comprises an analog gain control 
signal input (114) and said gain control signal gen- 
eration means further comprises a d/a converter is 
(22) and said gain control signal generation means 

, generates data from the detected level and said 61 
a-con verts said data to supply said gain control sig- 
nal to said analog gain control signal input. 

20 

8. A multiband mobile unit communication apparatus 
as claimed in claim 2, wherein said variable gain 
control means comprises a digital gain control sig- 
nal input (214) and said gain control signal genera- 
tion means generates said gain control signal of dig- 25 
ital data (131 ) from the detected level and supplies 
said gain control signal to said digital gain control 
signal input. 

9. A multiband mobile unit communication apparatus 30 
as claimed in claim 1 , wherein said receiving means 
comprises a switch (23) for supplying said one of 
plurality of intermediate frequency signals to said 
receiving means in accordance with said mode sig- 
nal. 35 



as claimed in claim 2, wherein said common circuit 
further comprises a first switchable low-pass filter 
(26) for low-pass-filtering said I baseband signal 
with a first cutoff frequency controlled in accordance 
with said mode signal such that said first cutoff cor- 
responds to a transmission rate of said I baseband 
signal and a second switchable low-pass filter (27) 
for low-pass-filtering said Q baseband signal with a 
second cutoff frequency controlled in accordance 
with said mode signal such that said second cutoff 
corresponds to a transmission rate of said Q base- 
band signal. 

13. A multiband mobile unit communication apparatus 
as claimed in claim 2, wherein said common circuit 
further comprises a high isolation amplifier for am- 
plifying an output of said switch with a relatively high 
isolation characteristic. 

14. A multiband mobile unit communication apparatus 
as claimed in claim 1 , wherein said antenna means 
comprises first and second antennas (100b, 100c), 
a switch (38) for selectively supplying outputs of 
said first and second antennas to one of said plu- 
rality of independent circuits, and said multiband 
mobile unit communication means further compris- 
es: receiving level estimating means (20) for esti- 
mating a level of one of said radio wave signal from 
the converted I and Q baseband signals and anten- 
na switching control means (39) for controlling said 
switch in accordance with said level to provide a an- 
tenna diversity receiving. 



10. A multiband mobile unit communication apparatus 
as claimed in claim 1 , wherein said common circuit 
further comprises a switchable frequency dividing 
circuit (24) for selectively frequency-dividing said *o 
second local oscillation signal in response to said 
mode signal such that the frequency-divided signal 
having frequencies corresponding to frequencies of 
said plurality of intermediate frequency signals, the 
frequency-divided signal being supplied to said *s 
quadrature demodulation circuit. 

11. A multiband mobile unit communication apparatus 
as claimed in claim 2, wherein said variable gain 
amplifying means comprises a plurality of amplifiers so 
in series, a switchable tuning circuit having a plural- 
ity of tuning circuits having tuning frequencies cor- 
responding to said plurality of intermediate frequen- 
cies respectively, and switching means for selecting 
one of said plurality of tuning circuits in accordance ss 
with said mode signal. 

12. A multiband mobile unit communication apparatus 
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